This paper reports results of investigations on edge guided mode circulators and junction circulators using thick film ferrimagnetic pastes in the frequency range from 2 to 12 GHz. Performance of the circulators realized with the thick film ferrimagnetic pastes will be compared with those made on YIG substrates in respect of insertion loss, isolation and .bandwidth. The study shows that while good isolation bandwidth is obtainable with edge guided mode circulators, the insertion loss remains high.
The properties and compositions of the ferrite paste and substrates used for thick film deposition are shown in Table I .
FABRICATION OF DEVICES AND THEIR PERFORMANCE
The edge guided wave 2'3 circulator using microstrip version of field displacement phenomenon in ferrite filled waveguide has been described by de Santis. 4, 5 This is based on the fact that edge guided waves circulate along the periphery of a metal film deposited on a ferrimagnetic substrate transversely magnetized.
Edge The experimental data presented here have been obtained by swept-frequency measurement using HP coax reflectometer system utilizing a dual directional coupler. Figure 2 (B, C) shows the isolation and insertion loss (broken line) for transmissions from port 1 to ports 2 and 3 respectively. It is seen that an isolation better than 20 dB is obtainable over a frequency range from 5-7.5 GHz. However, the insertion loss is too high and is of the order of 10 dB. This large amount of loss is possibly due to a smaller thickness of the ferrite layer compared to Figure 2 (D, E, F) with an applied magnetic field of 1780 G. Figure 2 (E, F) shows the isolation and insertion loss (broken line) for transmissions from port 1 to ports 2 and 3 respectively. Figure 2D shows the return loss. It may be observed that an isolation of 20 dB is obtained over the frequency range from 4.5-8 GHz. The insertion loss is of the order of 0.5-1 dB throughout the useful range. Figure 3A . The effect of variation of magnetic field, however is not examined in detail. In fact some apparent discrepancy has been observed and has to be investigated critically before any conclusion can be drawn. Figure 3 (D, E) shows the isolation and insertion loss (broken line) for transmission from port 1 to ports 2 and 3 respectively. Figure 3C shows the return loss. It is observed that an isolation of 20 dB is obtained over the frequency range from 2.8-3.2 GHz. The insertion loss is approximately 1 dB over this range.
Three port symmetrical junction circulators have been made on both YIG substrates and on ferrimagnetic pastes developed. The disc radius is approximately 2.5 mm and 50 ohm lines are matched to the disc resonator through linearly tapered transformer sections. The wave guiding structures in these devices were printed with thick film gold conductor (ESL 8880) . Figure 4 (D, E, F). It may be seen from Figure 4 (.E, F)
that 20 dB isolation is obtained over a frequency range from 5.5-7 GHz for transmission from port 1 to port 2 and from 5.9-6.6 for transmission from port 1 to port 3. Figure 4D shows the return loss. Unfortunately the insertion loss of ferrimagnetic pastes is rather too high. This is possibly due to smaller thickness of ferrimagnetic films and diffusion of conductor paste in ferrite zone.
The studies which are currently underway are aimed at minimizing the loss by suitable choice of ferrite-glass composition and by increasing the thickness of the ferrite layer. It should be emphasized that the designs of the devices have not been optimized. The size of the central lossy region and the geometry of the conductor pattern are expected to have considerable effect on the performance of the devices. The effect of variation of magnetic field on the performance of the circulator has not yet been properly examined; in fact there are some discrepancies in the observations. These are now being studied in detail.
